ABSTRACT:
INTRODUCTION
Smoking is a practice in which a substance, most commonly tobacco or cannabis is burned and the smoke tasted or inhaled. The most common method of smoking today is through cigarettes [1] . Tobacco use leads most commonly to diseases affecting the heart and lungs, with smoking being a major risk factor for heart attacks, strokes, chronic obstructive pulmonary disease (COPD), emphysema, and cancer. It also causes peripheral vascular disease and hypertension, all developed due to the exposure time and the level of dosage of tobacco [2] .Minerals are very essential substances involved as catalysts in most cellular enzymatic reactions and assume a major role in metabolism [3] .
Iron and magnesium are examples of these essential minerals. Functions of iron include involvement in energy metabolism, gene regulation, cell growth and differentiation, oxygen binding and transport, muscle oxygen use and storage [4] ; [5] ,…etc. Magnesium is a critical cation and cofactor in numerous intracellular processes. it is involved in more than 300 essential metabolic reactions, some of which are: energy production, synthesis of essential molecules, structural roles, ion transport across cell membranes, cell signaling, and cell migration [6] . Literature survey showed that no sufficient work has been done to study the effect of cigarette smoking on serum minerals alterations, so this study was carried out to determine the influence of cigarette smoking on serum iron and magnesium levels among Sudanese smokers and to determine the relationship between the levels of serum iron and magnesium with age, number of cigarettes per day, and duration of smoking.
Cigarette smoking causes minerals disturbances which lead to serious consequences, Smoking leads to tissue hypoxia which leads to inadequate oxygenation of blood circulation that results in erythropoiesis and consequent increased production of erythropoietin [7] which enhances erythropoiesis and increases red cell mass above normal level [8] . This leads to increase in the number of destroyed red cells in the normal turnover process which subsequently increases iron overload which causes hepatocellular damage [9] . Chronic oxidative stress may modulate iron uptake and storage, leading to a self sustained and ever-increasing spiral of cytotoxic and mutagenic events [10] .
Smoking causes magnesium deficiency due to decreased supply (lesser appetite) and reduced absorption caused by disturbances in the digestive system functions [11] . Minerals disturbances may lead to sever and even lifethreatening metabolic abnormalities such as coronary heart disease, liver disease, lung infection, kidney failure, and disorders of endocrine system [12] .
II. MATERIALS AND METHODS
Hundred male Volunteers were enrolled in this study. During the period of 5-30 April 2011; of those seventy volunteers were cigarette smokers (aged 18-35 years old), and thirty were non smokers (aged 18-35 years old, as control group).They were residing in Khartoum state. Both groups were without history of alcohol consumption, chronic diseases, recent blood transfusion and drugs that affect analysis results.Volunteers were enrolled in the study after being fully informed about the aims of the study. In addition, written consents had been obtained. And the results of analysis (iron and magnesium levels) were offered free of charge for all of them.
2.1Methods

2.1.1Subject's history
The history included information about the volunteers obtained from them according to the designed study questionnaire.
2.1.2Samples collection
Under a septic condition, about 3ml of venous blood were collected from each volunteer by venipuncture technique (after overnight fasting 10-12 hours, and in the morning to avoid diurnal variation of iron.) and were placed in anticoagulant free containers, and allowed to clot then centrifuged at 3000 rpm for 5 minutes to obtain serum which kept in eppendorf tubes for measurements of iron and magnesium.
2.1.3Measurement of serum iron
Serum iron was measured photometrically using Jenway colorimeter by CAB method (chromazurol B). Iron react with chromazurol B and cetyltrimethylammonium bromide (CTMA) to form a colored ternary complex with an absorbance maximum at 623 nm. The intensity of the color produced was directly proportional to the concentration of iron in the sample.The procedure of this method included addition of 50µl of sample (non hemolysed serum) and standard to1ml of reagent pipetted into two separate test tubes, with incubation time of 15 minutes, also 1 ml of the reagent with 50µl deionized water were pipetted into a third tube as blank. Then the absorbance of the sample and standard was measured at 623 nm against the reagent blank within 60 minutes. Serum iron concentration was calculated according to formula:
Measurement of serum magnesium
Serum magnesium was measured photometrically using Jenway Colorimeter by Xylidyl blue method. Magnesium ions in an alkaline medium formed a colored complex with Xylidyl blue. The absorbance increase was proportional to the magnesium concentration in the sample. Glycoletherdiamine-N, N, N, N-tetra acetic acid (GEDTA) was used as masking agent for calcium ions.The procedure included the addition of 10µl of sample (non hemolysed serum) and standard to 1ml reagent into two test tubes, with incubation time 10 minutes, also 1ml of the reagent with 10µl deionized water were pipetted into a third tube as blank. Then the absorbance of the sample and standard was measured at 520 nm against reagent blank within 60 minutes.
Serum magnesium concentration was calculated according to formula:
The obtained results were analyzed statistically using SPSS software program.
III.
RESULTS
Age and residence
In the present study a total of hundred male volunteers were enrolled; seventy were smokers (70%), age ranging between 18 and 35 years (mean: 25 years), and thirty were non-smokers (30%), age ranging between 18-35 years (mean: 25 years).Of those volunteers 34 were from Khartoum, 47 were from Omdurman, and 19 were from Khartoum-north.
Age grouping and percentage
Age range 18-22 years represented 43% of all volunteers, followed by age range 23-27 years represented 24%, then those with age more than 32 years represented 19%, and the lowest percentage 14% of age range 28-32 years. (Table 1 ) 
Serum iron
The analysis results showed that, there was a significant difference in the mean of serum iron between smokers and non-smokers (140±52) μg/dl versus (90±22) μg/dl, p value 0.000, <0.05 ( Figure 1 ). 
Figure (1): Mean of serum iron in smokers and non smokers
There was insignificant difference in serum iron in the different age groups, p value 0.2, >0.05.There was insignificant difference between the mean of serum iron in smokers who smoked ≤15 cigarettes per day (138±50) µg/dl compared to those who smoked ≥15 cigarettes per day (145± 55) μg/dl, p value 0.6. Also there was no correlation between serum iron and number of cigarettes per day.There was insignificant difference in serum iron with different smoking durations; p value 0.7, also there was no correlation between serum iron and the duration of smoking.
Serum magnesium
The analysis results showed that, there was a significant difference in the mean of serum magnesium between smokers and non-smokers (1.4±0.40) mg/dl versus (2.2±0.39) mg/dl, p value 0.000, <0.05. (Figure 2 ). 
Figure (2): Mean of serum magnesium in smokers and non smokers
There was insignificant difference in serum magnesium in different age groups, p value 0.4, >0.05.There was significant difference between the mean of serum magnesium in smokers who smoked ≤15 cigarettes per day (1.5±0.36) mg/dl compared to those who smoked ≥15 cigarettes per day (1.3±0.35) mg/dl, p value 0.03. (Table 2) , and there was a weak negative correlation between serum magnesium and the number of cigarettes per day, correlation coefficient r = -0.2.There was a weak negative correlation between serum magnesium and the smoking duration, correlation coefficient r = -0.3. 
IV. DISCUSSION
Cigarette smoking is a world wide major cause of preventable morbidity and mortality [13] Magnesium is a very essential mineral that serves as a cofactor of many enzymes involved in energy metabolism, protein synthesis, RNA and DNA synthesis, and maintenance of the electrical potential of nervous tissues and cell membranes. Of particular importance with respect to the pathological effects of magnesium depletion is the role of this element in regulating potassium fluxes and its involvement in the metabolism of calcium [14] Also iron is a key element in the metabolism; it is an essential component of hundreds of proteins and enzymes [15] . It is a mineral, functions primarily as a carrier of oxygen in the body, it also aids in immune function, cognitive development, temperature regulation, energy metabolism, and work performance [16] .This study involved male volunteers rather than female because it is so difficult to find smoker females as smoking is a shameful for them in our society, although it appears to increase in recent days. Also the study participants were youth as the smoking become more spread among this age group.In the present study a total of hundred volunteers were enrolled; seventy were smokers; age ranging between 18 and 35 years. And thirty were non-smokers; age ranging between 18 and 35 years. This study showed that serum iron was significantly increased in smokers when compared to non smokers (p value 0.000), this result is in agreement with previous studies [7] , [17] ; as cigarette smoking induces hypoxia which stimulates erythropoetien production which induces hyperplasia of the bone marrow, the latter contributes to the development of secondary polycythemia and in turn to increased red cell mass and turnover, this increased erythropoiesis and increased red cells mass increases the number of destroyed red cells in normal turnover process leading to increased iron overload this finally causes deposition of excessive iron in parynchemal cells of the liver which causes hepatocellular damage [18] Also iron overload may leads to myocardial damage, diabetes, and joints problems [19] . The study revealed that serum magnesium was significantly decreased in smokers when compared to non smokers (p value 0.000).This result is in agreement with a previous study [20] ; as cigarette smoking causes decreased supply of magnesium caused due to lesser appetite and reduced absorption due to digestive system disturbances [11] ; depleted magnesium leads to hypertension [21] and cardiovascular diseases [22] .
V. CONCLUSION
1-Level of serum iron is increased in cigarette smokers, whereas it is not affected by age differences, number of cigarettes, and duration of smoking.2-Level of serum magnesium is decreased in cigarette smokers, it is affected by the number of cigarettes and the duration of smoking, but not affected by the difference in age.3-Serum magnesium should be monitored in smokers in addition magnesium supplementation should be given when necessary.4-Educational programs is necessary to increase people awareness about serious health effects of smoking and the importance of minerals to the body.
